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The Case Report Protocol--Instrument of the Study
The standard protocol used for reporting cases comprised six separate, color-coded fascicles designed for transfer of data to punch cards. These fascicles were concerned with: (1) history, clinical examination and laboratory data, (~) angiographic technic, findings and complications, (3) surgical treatment with details of technic and complications, (4) nonsurgical treatment details, (5) follow-up information with an estimate of degree of disability; and, in case of death, the date and relationship of "cause" to the disease under study, and (6) pathology--for reporting findings at autopsy or pertaining to surgical specimens. These fascicles were devised by several committees of participants at the outset of the Study with the Central Registry serving a coordinating and unifying role. After 73~ cases had been reported on the "original protocol," a revision was made toward greater clarity, enhanced reporting of surgical data, and structural improvement to facilitate data processing. This "revised protocol" has been used unchanged for the last 5636 cases, and has proved to be a remarkably good instrument.
As the number of eases and number of fascicles per case increased, complex punch-card sorting analysis became impractical (there are now approximately 50,000 punch cards in the Study), and in 1963, a computer program was devised which brought the data of the original and revised protocols into congruity and transferred the entire body of data to magnetic tape. The analyses reported here and in subsequent papers are each based on specially devised programs for use on the 9~ 1401/1460 IBM: electronic computer system at the University of Iowa.
In this report, it is proposed to: 1) survey and classify the major causes of subarachnoid hemorrhage reported in the Study, 2) enumerate the case contributions made by the participating centers, 3) characterize the general nature of the sample population of the Study, 4) consider the methods by which these patients were studied and treated, and 5) discuss the nature and magnitude of error in the Study.
Case Contributions of the Reporting Centers and Methods of Study
In Tables ~ and 3 , the total population of the Study is broken down into the number of cases reported by each participating center designated by its reporting code number. Analysis is made of those diagnostic studies likely to yield a specific diagnosis of the vascular lesion, namely, angiography and autopsy; and data are presented on the incidence of follow-up reports on patients who were alive at the time of discharge from the reporting hospital. It may be seen (Table ~) that 86 per cent of the patients in the Study had some type of cerebral angiography. Of these, 80 per cent had bilateral carotid and 16 per cent unilateral carotid angiography. Bilateral carotid together with at least one vertebral or retrograde subclavian anglograms were made in ~4 per cent of the cases with angiography, and ~7 per cent of the total had some form of vertebral angiography.
At least one follow-up report has been received on 89 per cent of patients who were alive at discharge from the reporting center, and of all cases which died, autopsy was performed in 50 per cent (Table 3) .
All but ~ centers contributed well over 100 cases; 5, more than 300, and Center ~0 contributed 30 per cent of the total. Early in the course of the Study, Center ~3 elected to drop out.
Incidence of Major Diagnostic Categories
The number of cases in each of the major diagnostic categories is presented in Table 4 and subdivided by reporting center. Cases with proven aneurysm or proven arteriovenous malformations (AVM) are tabulated the Central Registry 9~3 3 Hospitals with a large emergency service will tend to receive a greater number of cases with early acute SAH and have a lower survival rate.
cases had an intracranial aneurysm, 8 per cent an AV1VI and 0.9 per cent had both.
Having accounted for cases with proven aneurysm and AVM, there still remains a large group in the Study (40 per cent) which, from the requirement for admission, should represent miscellaneous cases of subarachnoid hemorrhage. Table 4 shows that ~09~ cases had coded evidence of SAH with angiographic and/or autopsy evidence that excluded aneurysm or AVM. This group may be considered veritable examples of SAH of "other causes" and will be analyzed in a subsequent paper for associated diseases which may have had an etiologic relationship to the hemorrhage. Another group of 400 cases had coded evidence of SAH, but neither angiography nor autopsy was performed; hence the source and/or "cause of bleeding" in this group is indeterminate. Finally there remains a residual group of 48 cases with no coded evidence of SAH in their protocols. Of these, 37 had some form of angiographic study or autopsy, while 11 had no SAH, angiography or autopsy. A search of the protocols in these 48 residual cases revealed incomplete reporting in many, loss of punch cards in a few, and several unexpected diagnoses including a few AVM of the spinal cord diagnosed by myelography or laminectomy. Seven (7) cases had intracranial aneurysm; 6 had AV malformations, 14 cases had SAH "of other causes," and ~ had primary intracerebral hemorrhage with no evidence of SAH. There were 19 cases with neurologic symptoms reminiscent of the diseases under study but inappropriate to the Study, several of these with occlusive vascular disease. These 48 eases are probably not accessible to most of the computer analyses and constitute a reporting error at the most of 0.7 per cent.*
Gross Survival Rate
The gross survival rate of patients in the study as of the date of last information received at the Central Registry on or prior to July 28, 1965 is given in Table 4 , again with a breakdown by reporting centers. On the basis of this information, 54 per cent of the patients in the Study are still alive. The survival rates among the centers varies greatly, ranging from 10 per cent to 65 per cent. Although many factors must bear on these survival statistics, Tables 4, 5, and 6 suggest that differences in patient populations and the predominant type of disease reported from the center play an important role.
Characteristics of the Patient Population
It is expected of a statistical study such as this that infornlation (lerived from i! will in-* As correction of these cases, remaking tile tapes, and rerunning the many tables already produced would involve many hours of computer time, it was not considered to be worthwhile at this time since the improvement in data would be slight. crease our ability to make predictions and decisions about future patients. Essential to the realization of this objective is the requirement that the population of eases about which statistical statements and deductive inferences are made be reasonably representative of the population of patients to whom it is proposed to apply the information for predictive purposes. An analysis has been made, therefore, of some general characteristics of the population of patients in the Study viewed in the aggregate and also in terms of the population of patients reported from each center. While the participating centers have in common an affiliation with university neurological and neurosurgical services, individually they vary widely in the types of patients and segments of the community served. This diversity ranges from city hospitals having a large indigent emergency ward service to referral centers offering specialty consultative an(t ireatnlent service to distant communities.
Analysis of tile patient population from each center makes possible useful comparisons of the various centers with each other and with the average population characteristics of the entire Study. These characteristics should be of interest to all who may wish Table 5 by the number of cases of subarachnoid hemorrhage (SAH) reported on the original protocol forms.
to use the data of the Study. The analysis may also prove useful in comparing the population of this Study with the populations of other cerebral vascular disease studies, and for its potential application in epidemiology. Table 5 presents the total number of cases with subarachnoid hemorrhage of all major causes in the Study listed by reporting center together with the characteristics of each center's population. These characteristics include age-group, sex and racial distribution; and whether referred from home or street, or from another hospital. To facilitate comparisons, these data are reported as the characteristics of the group per 100 cases except for the total number of cases. Half the cases (52 per cent) ranged in age from 41-60, 22 per cent from 21-40, 22 per cent were over 60, and 4 per cent were under age 21. Fiftyfour (54) per cent of the patients with SAH were female; 82 per cent were white; 16 per cent Negro and 2 per cent of other racial origin. For the Study as a whole, over 1/3 of the patients (38 per cent) were admitted to the reporting hospitals directly from home or street and 62 per cent were referred from another hospital. Thirty-eight (38) per cent of cases came from a radius of less than 10 miles, 42 per cent 11-100 miles, and 17 per cent from greater than 100 miles.
In Table 6 , characterization of the Study's population of patients with subarachnoid hemorrhage is continued with reference to the elapsed time from onset of SAH to admission to the reporting hospital, and the conditions of the patients on admission. Again, the data are calculated per 100 cases. The actual number of cases in any column can be obtained by multiplying the per cent figure by the total number of cases for the appropriate reporting center, or, in the case of percentages describing the aggregate population by the total number of cases of SAH in the Study. Table 6 shows that 63 per cent of the population were admitted to the referring hospital within 3 days of their SAH and 15 per cent between 4 and 7 days. Taken in conjunction with the data for distance travelled, this suggests that there was little hesitancy or restraining misfortune in transporting patients by ambulance soon after their hemorrhage. Eleven (11) per cent of the cases were admitted in the 2nd week after SAH, 3 per cent in the 3rd week, and 8 per cent more than 3 weeks after the acute episode.
At the time of admission, 36 per cent of the patients were seriously ill or moribund, ~6 per cent were moderately ill, and 16 per cent had only minimal symptoms or signs. No data are available regarding condition at admission for ~ per cent. It may reasonably be assumed that many of the latter cases were reported retrospectively from autopsy findings, and that, in others, an early demise precluded detailed work-up. In some instances, the desired information was supplied in the narrative summary (which the computer does not read), but was not properly coded on the reporting fascicle.
The use of these data in delineating the Aneurysm Study populations served by the various centers is illustrated by the following two examples:
The SAH population of Center 03 may be seen to be skewed toward the older age groups (Table 5) . Fifty-nine (59) per cent were Negro and about 90 per cent were referred from home or street from a radius of less than 10 miles. Table 6 shows that 89 per cent were admitted less than three days after onset of SAH. Nearly half the patients (40 per cent) were seriously ill or moribund and no information is available about condition in a relatively high percentage. It may also be noted ( Table 4) that Center 03 has the second highest autopsy incidence suggesting that this absence of clinical data represents retrospective autopsy reporting. We can safely infer from this composite picture that Center 03 is a busy, city hospital with an active emergency service reporting mainly an elderly, probably indigent, largely Negro population.
Center 20 is seen to have had a prodigious case load of patients with subarachnoid hemorrhage, 98 per cent of whom were referred from another hospital; 65 per cent of them from 11-100 miles away. Despite this large referral practice, 86 per cent were admitted in the first week after their bleeding episode; 71 per cent within 3 days. There were no Negroes in this patient population. Eighty-one (81) per cent were over 40, of whom 54 per cent were in the active ages of 41-60. At the time of admission, their patients fell into roughly equal condition groups; minimal symptoms, moderately ill, seriously ill and no information. From this information we might characterize Center ~0 as a very busy, well-organized, probably specialty, referring center in or near a large metropolis.
Incidence and Distribution of Aneurysm Cases
As intracranial aneurysm is the single most common cause of spontaneous SAH and a focal point of interest in the Study, a comparative assay of this segment of the Study population is presented in Table 7 . Here, aneurysm cases (bleeding and non-bleeding) from each center are enumerated together with the proportion they represent of that center's total case reports. The data are divided into single and multiple aneurysms; and single aneurysm eases are further divided into major aneurysm site groups. Again, the site distribution data are presented as the incidence per 100 aneurysm cases. The proportions of aneurysm eases reported by the various centers varied widely from ~5 per cent to 75 per cent, with an overall average for the Study of 5~ per cent. Within the aneurysm site groups, however, the distribution from center to center was reasonably uniform with a few exceptions.
Common

Modes of Aneurysm Treatment
agreement at the present time as to which treatment is least unsatisfactory, it is of special interest to compare the ways in which the various centers have chosen to treat their cases. In the present Study, each center exercised free choice regarding treatment according to its best judgment in each case. In Table 8 , the major modes of treatment are broken down into three surgical and three non-surgical categories. Each patient is listed only once according to the principal mode of treatment. Thus, a patient who had an intracranial operation with adjunctive use of hypothermia is counted as "intracranial" and not "non-surgical hypothermia" even though hypothermia may have been nmintained longer than the duration of surgery; and drug-induced hypotension is counted only when this was the principal mode of treatment and not when it was a part of the routine treatment of hypertension if the patient also fell into another category. Table 8 shows that 57 per cent of the 3~65 aneurysm patients in the Study (with and without SAH but not including those with AVM), had some form of surgical treatment directed toward the aneurysm itself or to the cerebral circulation with the intent of reducing the probability of further bleeding episodes: 98s cases (30 per cent of the total) had an intracranial operation only; 777 cases (~4 per cent) had ligation of the carotid in the neck only; and 86 cases (~.6 per cent) had both types of procedures.
In the non-surgical group, 109 cases (3 per cent of the total cases) were treated with drugs aimed at achieving a sustained reduction in blood pressure, and 6~ cases (~ per cent) had induction of total body hypothermia as part of the management of the effects of their acute bleeding episode. Fourteen (14) cases had both hypotensive treatment and hypothermia. "Bed rest" was the primary treatment in 1s cases (88 per cent). In this table, the "bed rest" category includes all patients who did not have one of the other modes of aneurysm treatment. This encompasses a small group of patients without SAH whose aneurysms were non-symptomatic incidental findings (approximately 100 cases), patients who were too ill or died too soon to be considered for surgery, patients with compromising disease aside from their SAH which made them poor operative risks, cases in whom the Aneurysm Study aneurysm was felt to be technically inoperable, and those in whom the status of the cerebral ('irculation precluded carotid ligation. Other analyses in the Study lead us to estimate that about 40 per cent of the bed rest group (15 per cent of the total aneurysm cases) were in this category because the physicians in charge regarded it as the treatment of choice or at least equal to the other methods of treatment, or because surgery was refused by the patient or his family.
The Nature, Magnitude and Effect of Errors in Reporting and Data Processing
Considering potential clinical implications which may accrue from the results of the Cooperative Study, it seems appropriate in this introductory survey of the accumulated data involving several million items of information to comment on the types and magnitude of errors which may occur. All clinicians are familiar with honest errors in diagnosis, and the uncertainties involved in interpreting physical findings and diagnostic tests such as angiography. In discourse, impressions and uncertainties may be couched with caution, but once coded in the protocol and punched on a card, they thereafter become indistinguishable from fact. While such errors, implicit in all clinical research, may prove vital in the individual case, in a large sample they appear to constitute a far lower order-of-uncertainty than the major questions to be answered. Errors of reporting information in the protocol are more frequent than diagnostic errors; and, being highly dependent on the knowledgeability, discipline and diligence of the reporter assigned to the task, they vary greatly in the Study from center to center and from time to time. In relation to the protocol, these errors are most often errors of omission rather than inaccuracies of commission. Where redundance has been built into the design of the protocol, it compensates for some of these errors of omission; but of more certain value is the detection and correction of error.
Routinely, each protocol registered in the Study, was checked by the secretary of the Central Registry and in over 95 per cent of the protocols a further check was made by a person with medical competence. While, fundamentally, accuracy and completeness of reporting were the responsibility of the investigators at each participating center, constant correcting has gone on at the Central Registry especially in the more critical areas of the protocol. Innumerable hours have been spent in connection with each major analysis of the data to raise the overall quality to acceptable levels. This has involved frequent print-outs of patient numbers whose protocols indicated omissions or inconsistencies, and the laborious and complex process of searching the protocols, making corrections, repunching cards, remaking or correcting the master tapes, and rerunning the computer programs. In order to facilitate these corrections, increase the accuracy of reporting some important time intervals, and also to simplify computer programming, a "summary fascicle" was developed for Central Registry use. These have been filled out by hand, based on study of the protocols and the narrative summaries, for ~377 cases, mostly those with aneurysm. The remaining cases have had summaries compiled by computer integration of all pertinent data available in the separate fascicles. Thus, for example, the presence or absence of an aneurysm in a given patient and its site code are determined by examination of all angiography fascicles, the surgical fascicle and autopsy fascicle, if available, and then entered in the appropriate summary area. The summary fascicle has enhanced greatly the accuracy of classifying and selecting patients for further study.
Various verification controls exercised by the University Data Processing Center have made errors in key-punching, card handling, tape making and computer operation so low as to be only rarely perceptible and of negligible overall magnitude.
When analyses in greater depth (to be presented in subsequent papers) are scrutinized with an accountant's eye and compared, it is probable that minor discrepancies in total numbers of specially selected groups of cases will sometimes be found. Three factors may be considered in such instances. First, it should be ascertained that the definitions of the groups being compared are in fact identical. Second, the omission of a critical "bit" of information in even one area of a complex computer search of the protocol may eliminate that patient from further the Central Registry 981
consideration. Third, variations in computer programming may involve search of sometimes one and sometimes another apparently redundant area of the protocol with a slight difference in total counts unless data reporting has been both complete and consistent throughout. The experience of the Central Registry leads to an estimate that 30 per cent of the protocols were deficient or inaccurate in some area or another when received, and about 1-~ per cent of these were uneorreetable at the Registry and had to be returned for revision. However, with the various controis and corrections of protocol reporting described, it is conservatively estimated that the accumulated error inherent in a complex analysis in this and subsequent series of reports is of the order of 5 per cent and often less.
Comment on the Integrated Effort of the Study
Comment appears warranted here on the considerable clinical effort by the participating centers represented in the study and treatment of some 6000 patients with this difficult complex of diseases where judgment and skill are taxed to the utmost and life from moment to moment is precarious. To this must be added the effort involved in systematically and persistently reporting detailed information about each patient on more than 60 pages of protocol forms. The many hours of committee work, general meetings of all participants, administration, coordinating and research planning to assure the smooth running of the Study need only be mentioned. Finally there are the seemingly unending technical tasks of transferring data to punch cards and tape, and the problems of computer programming to which we have already alluded.
Summary
A general survey is presented of the 6368 cases reported to the Central Registry of the Cooperative Study of Intracranial Aneurysms and Subarachnoid Hemorrhage over a period of 7 years. The structure and modus operandi of the Study have been described, and consideration has been given to the sources and magnitude of error inherent in 
